SEMICONDUCTOR INTEGRATED CIRCUIT HAVING A NUMBER OF DATA 
OUTPUT PINS CAPABLE OF SELECTIVELY PROVIDING OUTPUT SIGNALS 

AND TEST METHOD THEREOF 

5 

Related Application Information 

This application claims priority from Korean application number 2003-16587, filed 
March 17, 2003, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated by reference in its entirety. 

10 

Field of the Invention 

The present invention relates to a semiconductor integrated circuit and, more 
particularly, to a semiconductor integrated circuit having a number of data output pins 
capable of selectively providing output signals and a test method thereof. 

15 

Background of the Invention 

FIG. 1 is a diagram of a typical thin film transistor liquid crystal display (TFT-LCD) 
module 1. The TFT-LCD module 1 includes a liquid crystal display (LCD) panel 5, a drive 
circuit 2, and a backlight 7. The drive circuit 2 has a plurality of gate driver integrated 

20 circuits (ICs) 6A-6B and source driver ICs 6C-6E for driving a LCD panel 5. A plurality of 
printed circuit boards (PCBs) receive a variety of circuit components such as a timing 
controller (not shown). The LCD panel 5 is liquid crystal inserted between two glass 
substrates. The LCD panel 5 enables the transmission of white light, from the backlight 7, to 
a given pixel in order to express color images. Each pixel has a pixel signal voltage 

25 generated by the driving circuit 2 that determines where the LCD transmits the light. The 
backlight 7 has a lamp 8 and a reflex plate 9. The backlight 7 generates white light with the 
lamp 8 acting as the light source. 

As is well known in the art, the LCD panel 5 includes gate lines and source lines 
which are intersected in a lattice shape. A pixel is the intersection of a gate line and a data 

30 line. For example, an LCD panel for a VGA (video graphics array) mode includes 640x480 
pixels and an LCD panel for an XGA (extended graphics array) mode includes 1024x768 
pixels. To drive a number of pixels, a gate driver IC, e.g., 6A, and a source driver IC, e.g., 
6C, have a number of output pins. The number of these output pins is related to the 
resolution of the LCD panel 5 that the IC services. Since an IC cannot have innumerable 
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output pins, the LCD module 1 uses a plurality of serially connected ICs. For example, since 
the LCD panel for the VGA mode has 640 source lines, a source driver IC 6C having 320 
output pins must be serially connected to a second source driver IC 6B with 320 out pins. 

A semiconductor IC is, generally, tested by assigning test pins to all of the input and 
5 output pins, and then connecting the test pins to an appropriate test device. With the advent 
and development of high definition LCD panels, the number of output pins installed to the 
drive circuit 2 is increasing and therefore the distance between pins is decreasing. This leads 
to a difficulty in testing the drive circuit 2 because of the increasing number of test pins 
needed on an appropriate test device to properly test the drive circuit 2. 

10 

Summary of the Invention 

A feature of the present invention is to provide a semiconductor integrated circuit 
capable of selectively providing output signals to test semiconductor integrated circuits by 
means of a test device having less pins than the semiconductor integrated circuits it tests. 
15 Another feature of the present invention is to provide a test method of a 

semiconductor integrated circuit by means of a test device having less pins than the 
semiconductor integrated circuits it tests. 

According to an aspect of the present invention, a semiconductor integrated circuit 
includes a plurality of data output pins, a data processing circuit to generate output signals 
20 responsive to an input signal, and an output selection circuit with at least a normal mode and 
a test mode. A first group of output signals are provided to a first group of data output pins in 
a first test cycle of the test mode. And a second group of output signals are provided to a 
second group of data output pins during a second test cycle of the test mode. 

In an embodiment, the test cycles of the output selection circuit are repeated during 
25 the test mode. 

In an embodiment, the output selection circuit repeats the first and second test cycles 
during testing. 

In an embodiment, the output selection circuit sends ith output signals (i being a 
positive integer) to ith data output pins during the first cycle of the test mode. And the output 
30 selection circuit sends (i-H)th output signals to ith output pins during the second test cycle of 
the test mode. 

In an embodiment, the output selection circuit sends ith output signals (i being a 
positive integer) to (i+l)th data output pins during the first cycle of the test mode. And the 
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output selection circuit sends the (i+l)th output signals to (i+l)th output pins during the 
second test cycle of the test mode. 

In an embodiment, the output selection circuit sends first to (N/2)th output signals (N 
being an integer) to first to (N/2)th data output pins during the first cycle of the test mode. 
5 And the output selection circuit sends ((N/2)+l)th to Nth output signals to first to (N/2)th 
output pins during a second test cycle of the test mode. 

In an embodiment, the output selection circuit sends the first to (N/2)th output signals 
(N being a integer) to the ((N/2)+l)th to Nth data output pins during the first cycle of the test 
mode. And the output selection circuit sends the ((N/2)+l)th to Nth output signals to the 
10 ((N/2)+l)th to Nth output pins during the second test cycle of the test mode. 

According to another embodiment, a method for outputting data duijng a test mode of 
a semiconductor integrated circuit having a plurality of data output pins is provided. The 
method includes sending some output signals to a first group of the data output pins and 
sending remaining output signals to the first group of the data output pins. 
15 In an embodiment, the sending some output signals and the sending remaining output 

signals are repeated during a test mode. 

In an embodiment, the sending some output signals includes sending ith output 
signals (i being a positive integer) are sent to ith data output pins. 

In an embodiment, i is a positive odd integer. 
20 In an embodiment, the sending remaining output signals includes sending (i+l)th 

output signals (i being a positive integer) to ith data output pins. 

In an embodiment, the sending some output signals includes sending first to (N/2)th 
output signals (N being a positive integer) to first to N/2th data output pins. 

In an embodiment, the sending remaining output signals includes sending ((N/2)+l)th 
25 to Nth output signals are sent to the first to (N/2)th data output pins. 

In an embodiment, the sending some output signals includes sending first to (N/2)th 
output signals (N being a positive integer) to the ((N/2)+l)th to Nth data output pins. 

In an embodiment, the sending remaining output signals includes sending ((N/2)+l)th 
to Nth output signals to the ((N/2)+l)th to Nth data output pins. 

30 

Brief Description of the Drawings 

FIG. 1 is a block diagram of a typical TFT-LCD module. 

FIG. 2 is a block diagram of internal circuits of a source driver IC according to an 
embodiment of the present invention. 
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FIG. 3 is a flowchart of controlling multiplexers in the source driver IC shown in FIG. 

2. 

FIG. 4A and FIG. 4B show data output paths for the IC 100 shown in FIG. 2. 
FIG. 5 is a block diagram of a source driver IC according to another embodiment of 
5 the present invention. 

FIG. 6 is a flowchart of controlling a switching circuit according to another 
embodiment of the present invention. 

FIG. 7 A and FIG. 7B show data output paths for an IC 100 shown in FIG. 5. 

10 Description of the Preferred Embodiment 

The construction of internal circuits of a source driver IC according to an embodiment 
of the present invention is illustrated in FIG. 2. Referring to FIG. 2, a source driver IC 100 
includes data registers 101~10_n, multiplexers 20_l~20_n/2, 50_l~50_n/2, and 
70_l~70_n/2, level shifters 30_l~30_n, N-decoders 40_1, 40_3, and 40_n-l, P-decoders 

15 40 2, 40_4, . . ., and 40_n, amplifiers 60_l~61_n, and data output pins Pl~Pn. 

The data registers 10_l~10_n receive and store RGB data signals Dl~Dn from a host 
controller (not shown). The multiplexers 20_l~20_n/2 are each connected to the adjacent two 
data registers 10_l~10_n, where they receive data signals Dl~Dn stored in the connected 
data registers 10_l~10_n and provide those data signals Dl~Dn to the level shifters 

20 30_l~30_n. For example, the multiplexer 20_1 transfers the data signals stored in the data 
registers 10_1 and 10_2 to the level shifters 30_1 and 30_2, respectively. In this case, the 
transfer direction is periodically varied. Namely, in a first period, the multiplexer 20_1 
transfers the data stored in the data register 10_1 to the level shifter 30_1 and transfers the 
data stored in the data register 10_2 to the level shifter 30_2. In a second period, the 

25 multiplexer 20_1 transfers the data stored in the data register 10_1 to the level shifter 30_2 
and transfers the data stored in the data register 10_2 to the level shifter 30_1 . The other 
multiplexers 20_2~20 _n/2 operates the same as the multiplexer 20_1. The level shifters 
30_l~30_n increase the voltage level of data signals transferred from corresponding 
multiplexers 20_l~20_n/2 to a voltage level that is suitable for driving a pixel in device, e.g., 

30 an LCD. 

The N-decoders 40_1 , 40_3, . . ., and 40_n-l and the P-decoders 40_2, 40_4, . . ., and 
40_n decode a data signal having a voltage level increased by corresponding level shifters 
30_l~30_n. That is, the N-decoders 40_1, 40_3, . . and 40_n-l selectively outputs one of 
externally provided gray voltages according to the voltage level of the data signal transferred 
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from the corresponding level shifters 30_1, 30_3, . .., and 30_n-l. The P-decoders 40_2, 
40_4, . . ., and 40_n selectively outputs one of externally provided gray voltages according to 
the voltage level of the data signal transferred from the corresponding level shifters 30_2, 
30_4, ...,and30_n. 

5 The data stored in the data registers 101 and 10_2 are cross provided to the level 

shifters 30_1 and 30_2 because the level of a data signal must be periodically inverted to 
prevent the degradation of a liquid crystal. For example, gray voltages provided to the N- 
decoders 40_1, 40_3, . . ., and 40_n-l range from 0V to 7V, and gray voltages provided to the 
P-decoders 40_2, 40_4, . . ., and 40_n range from 8V to 15V. During the first cycle, 

10 externally provided data signals Dl, D3, . . ., and Dn-1 are decoded to one of the gray voltage 
ranging from 0V to 7V by the N-decoders 40_1, 40_3, . . ., and 40_n-l, and the data signals 
D2, D4, .., and Dn are decoded to one of the gray voltage ranging from 8V to 15V by the P- 
decoders 40 2, 40_4, . . ., and 40_n. During the second cycle, externally provided data 
signals Dl, D3, . . ., and Dn-1 are decoded to one of the gray voltage ranging from 8V to 15V 

15 by the P-decoders 40_2, 40_4, . . and 40_n, and the data signals D2, D4, and Dn are 
decoded to one of the gray voltage ranging from 0V to 7V by the N-decoders 40 1, 40 3, 
and 40_n-l. 

The multiplexers 50_l~50_n/2 are each connected to one N-decoder and one P- 
decoder and transfer gray voltage, provided from the connected decoders, to the amplifiers 

20 60_l~60_n. The multiplexers 50_l~50_n/2 align with the multiplexers 20_l~20_n/2. For 
example, if multiplexer 20_1 transfers the data signal Dl stored in the data register 10_1 to 
the level shifter 30_1 and provides the data signal D2 stored in the data register 10_2 to the 
level shifter 30 2, the multiplexer 50_1 transfers a signal outputted from the N-decoder 40_1 
to the amplifier 60_1 and transfers a signal outputted from the P-decoder 40_2 to the 

25 amplifier 60 2. The operation of the other multiplexers 50_2~50_n/2 is identical with that of 
the multiplexer 50_1 and will not be explained in further detail. 

Source driving signals Sl~Sn from the amplifiers 60_l~60_n are provided to a pixel 
of a corresponding LCD panel (not shown) through data output pins Pl~Pn and multiplexers 
701~70_n/2. Multiplexers 70 1-70 n/2 are each coupled between two amplifiers 

30 60_l~60_n and the data output pins Pl~Pn. In a normal mode, the source driving signals 
Sl~Sn are provided to the LCD panel through the data output pins Pl-Pn. But during a test 
mode, the source driver circuit IC 100 selectively outputs the source driving signals Sl~Sn to 
a limited number of data output pins Pl~P_n. 
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Referring now to FIG. 3, which illustrates the data output operations in normal and 
test modes using a flowchart of controlling the multiplexers 70_l~70_n/2 in the source driver 
IC 100 of FIG. 2. Multiplexers 70_l~70_n/2 operate in response to a test mode signal TM. 
The test mode signal TM has a low level (i.e., logic "0") in a normal mode and has a high 
5 level (i.e., logic "1") in a test mode. 

At box SI 10, the multiplexers 70_l~70_n/2 determine whether the test mode signal 
TM indicates a test mode. If the test mode signal TM indicates the normal mode, i.e., low 
level, this routine proceeds to box SI 50. 

At box SI 50, source driving signals Sl~Sn, from the amplifiers 60_l~60n, are sent 
10 to their corresponding output pins Pl~Pn, via the multiplexers 70_l~70_n/2. For example, 
the source driving signal SI, from the amplifier 601, is sent to output pin PI through 
multiplexer 70_1, and the source driving signal S2, from the amplifier 60_2, is sent to output 
pin P2 through the multiplexer 701 . 

When the test mode signal TM indicates the test mode by, e.g., being at a high level, 
15 this routine proceeds to box SI 20. At box SI 20, the first test cycle, a group of source signals 
(e.g., odd-numbered source signals) SI, S3, and Sn-1, from a group of amplifiers (e.g., 
odd-numbered amplifiers) 60 1, 60_3, ., and 60_n-l, are sent to a group of output pins 
(e.g., odd-numbered output pins) PI, P3, . and Pn-1 through the multiplexers 70_l~70_n/2. 
That is, during the first test cycle, multiplexers 70_l~70_n/2 output the odd-numbered source 
20 driving signals SI, S3, . . ., and Sn-1 to the odd-numbered output pins PI, P3, . . and Pn-1 . 

At box SI 30, the second test cycle, the other group of source signals (e.g., even- 
numbered source signals) S2, S4, . . ., and Sn, from the other group of amplifiers (e.g., even- 
numbered amplifiers) 60 2, 60_4, . . ., and 60_n, are sent to the group of the output pins (e.g., 
odd-numbered output pins) PI, P3, . . and Pn-1 through the multiplexers 70_l~70_n/2. That 
25 is, during the second test cycle, the multiplexers 70_l~70_n/2 output the even-numbered 
source driving signals S2, S4, . . and Sn to the odd-numbered output pins PI, P3, . . ., and 
Pn-1. 

Test pins Tl~Tn/2 of the test device 200 are connected to corresponding pins, among 
a group of output pins (e.g., odd-numbered pins) PI, P3, . . ., and Pn-1, respectively. During 
30 the first test cycle the odd-numbered source driving signals SI, S3, . . ., and Sn-1 of the source 
driver IC 100 are transferred to the test device 200 through the odd-numbered output pins PI, 
P3, . . ., and Pn-1 and the test pins Tl-Tn/2. During the second test cycle, the even-numbered 
source driving signals S2, S4, .., and Sn of the source driver IC 100 are transferred to the test 
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device 200 through the odd-numbered output pins PI, P3, . . ., and Pn-1 and the test pins Tl- 
Tn/2. 

At box S 1 40, it is determined whether the test mode is completed. When the test 
mode signal TM transitions to a low level, the multiplexers 70_l~70_n/2 determines the test 
5 mode is completed. When the test mode signal TM is maintained at a high level, the 

multiplexers returns to box SI 20. According to the present invention, the test device 200 
having n/2 input pins is used to test a semiconductor integrated circuit having n output pins. 

Referring now to FIG. 4A and FIG. 4B, where the test mode data output paths of the 
source driver IC 100 are illustrated. The data output path of FIG. 4A is a test mode path 

10 where a group of odd data signals Dl, D3, . . ., and Dn-1, provided from a host controller, are 
respectively decoded by N-decoders 40 1, 40 3, . . ., and 40_n-l and the other group of even 
data signals D2, D4, . . ., and Dn are respectively decoded by P-decoders 40_2, 40_4, . . ., and 
40_n. The decoded data signals, which are now referred to as source driving signals Sl~Sn, 
are then sent to output pins PI, P3, . . ., and Pn. The data output path of FIG. 4B is a test 

15 mode path where when a group of odd data signals Dl, D3, . . ., and Dn-1 provided from a 
host controller are respectively decoded by P-decoders 40 2, 40 4, . . ., and 40_n and the 
other group of even data signals D2, D4, . . ., and Dn are respectively decoded by N-decoders 
40 1, 40 3, . . ., and 40_n-l . The decoded data signals, which are now referred to as source 
driving signals Sl~Sn, are then sent to output pins PI, P3, . . ., and Pn. In FIG. 4A and FIG. 

20 4B, a solid line denotes a data path during a first test cycle and a dotted line denotes a data 
path during a second test cycle. 

Referring now to FIG. 5, a source driver IC according to another embodiment of the 
present invention is shown. Unlike the source driver IC 100 of FIG. 2, the source driver IC 
300 of FIG. 5 includes a switching circuit 80 instead of multiplexers 70_l~70_n-l. In FIG. 5 

25 and FIG. 2, the same numerals denote the same components. 

The switching circuit 80 includes n/2 switches SWl~SWn/2 that operate in response 
to a test mode signal TM. As described above, the test mode signal TM has a low level in a * 
normal mode and has a high level in a test mode. The stationary side of the switches 
SWl-SWn/2 is connected to output pins Pl~Pn/2, respectively. The alternating side of the 

30 switches SWl~SWn/2 is either connected to output terminals of a group of amplifiers 
60_l~60_n/2 or the output terminals of the other group of amplifiers 60_n/2+l~60_n, 
depending upon the mode of operation. In a normal mode, the alternating side of the 
switches SWl~SWn/2 is connected to output terminals of a group of amplifiers 60_l~60_n/2. 
In a test mode, the alternating side of the switches SWl-SWn/2 is connected to the output 
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terminals of the group of the amplifiers 60_l~60_n/2 during a fist test cycle and are 
connected to output terminals of the other group of the amplifiers 60_n/2+l~60_n during a 
second test cycle. 

FIG. 6 is a flowchart of controlling the switching circuit 80 of FIG. 5. Referring to 
FIG. 6, at box S3 10, the switching circuit 80 determines whether the test mode signal TM 
indicates a test mode. If the test mode signal TM indicates a normal mode, this routine 
proceeds to box S350 where the alternating side of the switches SWl-SWn/2 is connected to 
output terminals of a group of amplifiers 60_l~60_n/2. Thus, a group of source driver 
signals Sl~Sn/2, from the group of the amplifiers 60_l~60_n/2, are sent to the output pins 
Pl~Pn/2 through the switches SWl~SWn/2. The other group of source driving signals 
Sn/2+l~Sn, from the other group of amplifiers 60_n/2+l~60_n, are sent to output pins 
Pn/2+l~Pn. 

If the test mode signal TM indicates a test mode, this routine proceeds to box S320 in 
which a first test cycle starts. During the first test cycle, the alternating side of the switches 
SWl~SWn/2 is connected to the output terminals of the group of the amplifiers 
60_l~60_n/2. Thus, a group of source driving signals Sl~Sn/2, from the group of the 
amplifiers 60_l~60_n/2, are sent to the output pins Pl~Pn/2 through the switches 
SWl~SWn/2. 

At box S330, a second test cycle starts. During the second test cycle, the alternating 
side of the switches SWl~SWn/2 is connected to the output terminals of the other group of 
the amplifiers 60_n/2+l~60_n. Thus, the other group of the source driving signals 
Sn/2+l~Sn, from the other group of the amplifiers 60_n2+l~60_n, are sent to the output pins 
Pl~Pn/2. 

The test pins Tl~Tn/2 of the test device 200 are connected to the group of the output 
pins Pl~Pn/2, respectively. Thus, during the first test cycle, the group of the source driving 
signals Sl~Sn/2 of the source driver IC 300 are transferred to the test device 200 through the 
group of the output pins Pl~Pn/2 and the test pins Tl~Tn/2. During the second test cycle, the 
other group of the source driving signal Sn/2+l~Sn of the source driver IC 300 are 
transferred to the test device 200 through the group of the output pins Pl~Pn/2. 

At box S340, the switching circuit 80 determines that the test mode is completed 
when the test mode signal TM transitions to a low level. When the test mode signal TM is 
maintained at a high level, the routine returns to box S3 20. According to the present 
invention, the test device 200 having n/2 input pins is used to test a semiconductor integrated 
circuit having n output pins. 
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FIG. 7A and FIG. 7B illustrate the test mode data output paths. The data output path 
of FIG. 7A is a data output path where the odd-numbered data signals Dl, D3, . . ., and Dn-1, 
provided from a host controller, are decoded by N-decoders 40_1 , 40_3, . . and 40_n-l and 
even-numbered data signals D2, D4, . . and Dn are decoded by P-decoders 40_2, 40_4, 

5 and 40_n, respectively. During the first test cycle, the decoded data signals provided from 
the N-decoders 40_1, 40_3, . . ., and 40_n/2-l and P-decoders 40_2, 40_4, . . and 40_n/2 are 
sent to output pins Pl~Pn/2. During the second cycle, the decoded data signals provided 
from the odd N-decoders 40_n/2+l~40_n-l and even P-decoders 40_n/2+2~40_n/2 are sent 
to output pins Pl~Pn/2. The data output path of FIG. 7B is a data output path where when 

10 odd-numbered data signals Dl, D3, . . ., and Dn-1 provided from a host controller are 

respectively decoded by P-decoders and even-numbered data signals D2, D4, . . and Dn are 
respectively decoded by N-decoders, data signals provided from a host decoder are sent to 
output pins Pl-Pn/2, in two cycles as illustrated above. In FIG. 7A and FIG. 7B, a solid line 
denotes a data path during a first test cycle and a dotted line denotes a data path during a 

15 second test period. 

As we explain above, a test device having n/2 test pins is used to test a semiconductor 
integrated circuit having n output pins. The invention, however, is not limited to only having 
two distinct test cycles, which send n/2 output signals from half of the output pins to the n/2 
test pins each cycle. Numerous test cycles may be implemented, where, for each test cycle 

20 (T), the minimum number of test pins required in a test device is equal to n/T. Therefore, as 
the number of test cycles increases the number of test pins needed decreases. It is, therefore, 
possible to easily fabricate the test device and at a low cost. A test device having the same 
number of input pins as a semiconductor integrated circuit can test two semiconductor 
integrated circuits at the same time. 

25 Other modifications and variations to the invention will be apparent to a person 

skilled in the art from the foregoing disclosure. Thus, while only certain embodiment of the 
invention has been specifically described herein, it will be apparent that numerous 
modifications may be made thereto without departing from the spirit and scope of the 
invention. 
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